This paper develops the basic model of the buy-back contract by introducing the fairness to investigate how the dominant supplier decides the wholesale price, whether the buy-back contract can achieve coordination and how the fairness influences the wholesale price. It is found that, under Stackelberg game between the retailer and the dominant supplier, the buy-back contract cannot coordinate the supply chain whether the fairness is incorporated or not. Furthermore, the optimal wholesale price under Stackelberg game is larger than the initial wholesale price, which can achieve coordination. Moreover, the optimal wholesale price decreases with the retailer's fairness, while it increases with the supplier's fairness.
Introduction
Generally, the members in the supply chain make decisions to maximize their payoffs. However, the decisions may damage the whole supply chain's payoffs. This phenomenon was called double marginalization. In order to mitigate or even eliminate this phenomenon, the supply chain contracts were emerged. Some supply chain contracts such as the wholesale price contract, the buy-back contract, the revenue sharing contract, and the quantity flexibility contract, were introduced by Cachon [1] . The buy-back contract can be expressed as: suppliers charge the wholesale price for per unit product, but they return the buy-back price for the left per unit product to the retailer at the end of the season. The buy-back price is smaller than the wholesale price. Some literatures indicated that the buy-back contract can coordinate the supply chain and the use of the buy-back contract is benefit to supply chain members [2] [3] [4] . Traditional supply chain contracts assume that the participants are rational agents. However, the recent research found that the participants are not rational agents, their decisions may be affected by some other factors. First, the supply chain members' status and strengthen are inconsistent, which leads to the situations of the dominant retailer supply chain and the dominant supplier supply chain. Also the dominant enterprise can get better payoffs in this way [5] . The literature established the buy-back contract's model under Stackelberg game between the dominant supplier and the retailer to research how they distribute the payoffs. And the result found that the retailer can only gain the reserved payoffs, while the supplier can obtain all the left payoffs [6] . The literature investigated a model of the buy-back contract with the dominant retailer, and pointed out that the supply chain cannot achieve the coordination [7] . Second, decision makers' behaviors will be affected by some other factors such as fairness, loss aversion, sympathy, disgust and so on in the real operation of business. The decision makers not only pay attention to their payoffs, but also concern about whether the distribution of the payoffs is fair or not. Also, fairness will affect the decision makers' behaviors [8, 9] . Some literatures researched the impact of the fairness on the Buy-Back Contract Incorporating Fairness in Approach of Stackelberg Game 41 supply chain coordination [10] [11] [12] [13] . In this paper, when we investigate the buy-back contract, two factors will be considered. First, we research a two-stage supply chain including the retailer and the dominant supplier under Stackelberg game. So the sequence of the decision is: the supplier makes a decision first; then the retailer makes a decision; at last, the supplier makes the optimal decision. Second, fairness was incorporated. By establishing the models under Stackelberg game incorporating fairness to investigate whether the supply chain can achieve the coordination, how the supplier formulates the optimal wholesale price and how the fairness influences the supplier's optimal wholesale price.
The rest of the paper is organized as follows. In Section 2, the basic model for the buy-back contract is employed. In Section 3, the Stackelberg game model is established. In Section 4, the improved model incorporating fairness is investigated. Finally, conclusions are given in section 5.
Basic Model
Considering a two-stage supply chain where the retailer buys the product at the wholesale price w from the supplier, while sells the product at the retail price p to the customers. To produce a production the supplier's cost is c , and b is the buy-back price. The market demand is D and the average demand is µ ,
Denoting ( ) f ⋅ as probability density function, and denoting ( ) F ⋅ as cumulative distribution function. Respectively, F is a continuous, differentiable and strictly increasing function, and
. From these settings, we can calculate the expectation quantity of the retailer is:
So the expectation payoffs' functions of the retailer, the supplier and the system are as follows: 
By calculating derivation of the above equations, it is found that, the buy-back contract can achieve the coordination of supply chain when the equation bc w c b p = + − was satisfied.
Stackelberg Game Model
Under Stackelberg game, the sequence of the decision between the dominant supplier and the retailer is: first, the supplier decides the wholesale price and the buy-back price, then, the retailer decides order quantity according to the wholesale price and the buy-back price. At last, the supplier decides the optimal wholesale price and the optimal buy-back price. The supplier's choice of the optimal wholesale price and buy-back price are made by observing the retailer's order quantity. Therefore, the supplier's wholesale price and buy-back price is a function of the retailer's ordering strategy. When the retailer makes a decision of order quantity, the supplier will formulates the wholesale price and the buy-back price relatively. This is a dynamic Stackelberg game where the participants grasp the perfectly information. So the backward induction method can be used to solve this problem.
To simplify the research, we argue that the buy-back price was given and unchanged. So the supplier only makes a decision of the wholesale price. 
Then the supplier will chooses the optimal wholesale price to maximizing payoffs according to the retailer's optimal order quantity. Substituting the above equation into the supplier's payoffs function, so the following equation can be got:
According to the equation of = + − > . Q.E.D. Obviously, under Stackelberg game, the optimal wholesale price is larger than the wholesale price, which can coordinate the buy-back contract. So the buy-back contract can't achieve coordination. This is because, first, under Stackelberg game the dominant supplier sets the wholesale price by considering his payoffs rather than supply chain system payoffs. Second, the supplier sets the wholesale price after observing the retailer's order quantity in which the decision is benefit to maximizing his payoffs.
Improved Model
When the fairness was incorporated, the fair solution of Nash barging was introduced, because the fairness is relative, the status and the contribution of the two parties will affect the distribution of payoffs, so the two sides argued for their own fair payoffs as a criterion of whether the trade is fair or not. The utility functions of the retailer, the supplier and the supply chain system are as follows: 
Only Retailer Incorporates Fairness
When the retailer incorporates fairness and the supplier doesn't incorporate fairness. Namely that 0 r λ > and 0 s λ = . Putting these equations into the utility function of the retailer, the supplier and the supply chain system, the following equations can be got: 
s s Then the supplier sets the optimal wholesale price to maximizing utility according to the retailer's order quantity. Substituting it into the equation of the supplier's utility function, the following equation can be got: 
Proposition 4:
When only the retailer incorporates fairness and the dominant supplier formulates a wholesale price, which can coordinate the buy-back contract initially, but under the game, the buy-back contract can't achieve coordination and r w w w * * < < . Moreover, the optimal wholesale price r w * decreases with the retailer's fairness.
Proof: when the buy-back contract can coordinate supply chain system, the equation of r r* =  should be satisfied, simplify the equation, we can get that So the optimal wholesale price r w * decreases with the retailer's fairness.
When only the retailer incorporates fairness, the supplier formulates the wholesale price, which can coordinate the buy-back contract initially, under Stackelberg game, the supplier will sets the optimal wholesale price, which is larger than the initial wholesale price, so the buy-back contract cannot achieve coordination. When the retailer incorporates fairness, the retailer will not only pays attention to his utility but also concerns about the supplier's utility, when the optimal wholesale price is lower, the retailer will believes that he gets a relative fair treatment. However, the supplier sets the optimal price to maximizing his utility according to the retailer's order quantity. So the optimal wholesale price is smaller than the optimal wholesale price, which the members of supply chain don't incorporate fairness.
Retailer and Supplier all Incorporate Fairness
When the retailer and the supplier all incorporate fairness, namely that 0 Proposition 6: When the retailer and the supplier all incorporate fairness and the supplier formulates the wholesale price, which can coordinate the buy-back contract initially, but under Stackelberg game, the buy-back contract can't achieve coordination and sr r w w w w * * * < < < . Moreover, the optimal wholesale price sr w * decreases with the retailer's fairness, while increases with the supplier's fairness. 
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Proposition 5 and proposition 6 can be proofed similarly as proposition 3 and proposition 4. So we simplify that here.
When the retailer and the supplier all incorporate fairness and the supplier formulates the wholesale price, which can coordinates buy-back contract firstly, under Stackelberg game the dominant supplier will sets the optimal wholesale price, which is larger than the initial wholesale price, so the buy-back contract cannot achieve coordination. The optimal wholesale price sr w * increases with the supplier's fairness. That is because when the retailer's order quantity is unchanged and the retailer's fairness coefficient is larger, the supplier will maximizes his utility by using the method of raising the wholesale price.
Conclusions
This paper investigates the buy-back contract incorporating fairness under Stackelberg game between the dominant supplier and the retailer based on newsvendor model. By establishing models, we research how the dominant supplier sets the wholesale price, whether the buy-back contract can achieve coordination and how the fairness influences the wholesale price. The results show that the buy-back contract can't coordinate the supply chain under Stackelberg game whether the two parties incorporate fairness or not. And the retailer's order quantity is unchanged. Moreover, we obtain that the optimal wholesale price decreases with the retailer's fairness, while it increases with the supplier's fairness.
However, there are still some limitations in this paper. First, we consider a two-stage supply chain including a retailer and a supplier, in another words, we did not consider the competition among the supply chain members. So the future research can extend the supply chain. Second, we only incorporate fairness, but in real life, people will incorporate a variety of factors, such as reciprocity, empathy, jealousy, so the future research can investigate the supply chain with a variety of behavioral tendencies.
